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In eukaryotic cells, the production of ribosomes depends on a 
highly dynamic multistep process that takes place sequentially: 
first in the nucleolus, then in the nucleoplasm, and finally in the 
cytoplasm. During this process, ribosomal RNA (rRNA) is tran-
scribed, modified, processed, and assembled with ribosomal 
proteins into ribosomal subunits with the concomitant partici-
pation of 200 trans-acting factors that ensure the correct mat-
uration of ribosomes (Staley and Woolford, 2009). Early on, in 
the nucleolus, the maturation pathways of the large (60S) and 
small (40S) ribosomal subunits diverge, and each is assembled 
and exported separately from the nucleus (Staley and Woolford, 
2009). Although many steps of the process and factors involved 
are known, most mechanistic details of ribosome biogenesis 
and the binding and action of trans-acting factors are still elu-
sive. In this issue, Sengupta et al. use cryo-EM to provide struc-
tural insights into a binding site for the nuclear export adaptor 
Nmd3 on the large ribosomal subunit. This work represents an 
important step in filling the gap in our understanding of how pre-
ribosome structure and the positioning of trans-acting factors 
therein direct ribosome maturation.
Nmd3 is a highly conserved adaptor protein that is re-
quired for the export of 60S ribosomal subunits from yeast to 
humans  (Ho  and  Johnson,  1999;  Thomas  and  Kutay,  2003; 
Trotta  et  al.,  2003). Although  predominantly  cytoplasmic, 
Nmd3p shuttles between the nucleus and the cytoplasm and fa-
cilitates 60S subunit export by providing a nuclear export signal 
that recruits the export receptor Crm1 in the nucleus (Ho et al., 
2000; Gadal et al., 2001). Nmd3 binds in vivo to free 60S sub-
units but not 40S subunits or 80S ribosomes, indicating that   
it is released before subunit joining and translation initiation 
(Ho and Johnson, 1999; Ho et al., 2000). Recent studies have 
The  adaptor  protein  Nmd3  is  required  for  Crm1- 
dependent export of large ribosomal subunits from the 
nucleus. In this issue, Sengupta et al. (2010. J. Cell Biol. 
doi:10.1083/jcb.201001124)  identify  a  binding  site  for   
yeast Nmd3 on 60S ribosomal subunits using cryoelec-
tron microscopy and suggest a conformational model for 
its release in the cytoplasm. The study provides the first 
detailed structural description of a ribosome biogenesis 
factor in complex with the large subunit.
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demonstrated that the GTPase Lsg1 is required for the removal 
of Nmd3 from 60S subunits as part of the final maturation events 
in the cytoplasm (Hedges et al., 2005; Lo and Johnson, 2009). 
Moreover, additional data provided evidence that association 
of the ribosomal protein Rpl10L to cytoplasmic 60S subunits 
is a prerequisite of Nmd3 release (Hedges et al., 2005; West 
et al., 2005).
Although the molecular events of Nmd3 binding to 60S 
subunits have been studied extensively, its actual site of inter-
action on 60S subunits is still unknown. In the past, several studies 
have speculated on a potential binding site for Nmd3 based on 
its functional and physical interaction with Rpl10L (Karl et al., 
1999; Gadal et al., 2001; Hedges et al., 2005; West et al., 2005). 
Because Rpl10L is positioned close to the intersubunit joining 
face, this region has also been suggested as a potential binding 
site for Nmd3 (Eisinger et al., 1997; Spahn et al., 2001). In their 
study, Sengupta et al. (2010) provide the first direct evidence   
for this idea. By performing cryo-EM on purified mature 60S   
subunits with and without a recombinantly expressed maltose- 
binding protein (MBP)–Nmd3 fusion protein, the authors iden-
tify the site of MBP-Nmd3 binding. By comparing cryo-EM 
maps obtained by single particle reconstruction of mature con-
trol 60S subunits to those that contained MBP-Nmd3, they are 
able to identify an additional density on Nmd3-bound subunits 
covering the intersubunit region that is close in mass to their re-
combinantly expressed Nmd3 fusion protein. In addition, the 
authors observe conformational changes in the Nmd3-bound 
60S subunits relative to the control 60S subunits in several sur-
rounding regions, including in the GTPase-associated center, in 
the  region  around  the  central  protuberance  and  peptidyl- 
transferase center, and at the base of the L1 stalk; in these areas, 
the authors observe a conformational switch toward Nmd3   
in Nmd3-bound subunits, suggesting that binding of Nmd3   
leads to a tighter conformation and thus less accessibility across 
the intersubunit region.
To confirm as well as tentatively narrow down the ob-
served binding region by biochemical means, the authors go on 
to probe for altered sensitivity of 60S subunits to RNaseV1 in 
the presence and absence of MBP-Nmd3 as well as a second   
fusion protein, GST-Nmd3. Based on observed protection by   
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There are several interesting questions regarding Nmd3 
that remain. What is its role at the subunit joining interface: is   
it perhaps monitoring correct folding and/or assembly at this   
crucial site, or is it simply a placeholder for Rpl10L? What   
is Nmd3’s function on mature 60S subunits? And finally, if 
not Rpl10L, who or what recruits Nmd3 to pre-60S subunits?   
Although this study represents an important step forward in under-
standing the integration of structural and functional mecha-
nisms during ribosome maturation, more such data are needed. 
Several different methods are currently being used to identify 
the positioning of different trans-acting factors within ribosomal 
subunits, and in the future, we should be able to combine that 
information with our current knowledge of ribosome matura-
tion to gain a truly comprehensive picture of the dynamic orga-
nization of the ribosome biogenesis pathway (Tang et al., 2008; 
Ulbrich et al., 2009; Granneman et al., 2010).
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either both or only one fusion protein, they suggest that Nmd3 
binds to helices 38, 69, and 95 of the 25S rRNA and propose a 
binding site for Nmd3 closer to the sarcin–ricin loop and the 
central protuberance than the base of the L1 stalk (Fig. 1). To 
determine further details between MBP-Nmd3 and the large 
subunit, Sengupta et al. (2010) align their cryo-EM map with a 
quasiatomic model of the 60S subunit (Spahn et al., 2001). The 
overlay not only supports the results obtained in their RNA   
protection assay but also identifies the nearest large ribosomal 
subunit proteins: Rpl23, Rpl9, Rpl12, and Rpl10 (Fig. 1). Inter-
estingly, although the interface containing Rpl10L was pulled 
toward Nmd3 upon binding of the latter, the authors did not ob-
serve a direct interaction between Ndm3 and Rpl10L. However, 
based on the morphological features of the Nmd3-bound RNA 
helices (H38 and H95) in the presence and absence of Nmd3 
and their proximity to the binding site of Rpl10L, they propose 
a model for Nmd3 release, suggesting that the relaxation of these   
helices upon initial Rpl10L binding and GTP hydrolysis by Lsg1 
may accommodate correct binding of Rpl10L while at the same 
time facilitating the release of Nmd3.
This study by Sengupta et al. (2010) represents the first direct 
demonstration of the position of Nmd3 on the intersubunit side of 
the 60S particle, which is consistent with its lack of association 
with 80S ribosomes, and adds one item to the still very short list of 
preribosomal assembly factors whose position within ribosomal 
particles has been identified. Although we have to keep in mind that 
the authors are looking at the binding of Nmd3 to mature 60S sub-
units that already contain Rpl10L, it is very likely that the identified 
binding site for Nmd3 is the same in pre-60S subunits. It remains 
to be seen whether different conformational changes take place 
upon Nmd3 binding to nucleolar/nuclear pre-60S subunits.
Figure 1.  The 60S ribosome subunit with and without Nmd3. A schematic of the 60S subunit is shown from the intersubunit side, in the classical crown view. 
Nmd3 bound to a mature 60S subunit (left). The opaque area below bound Nmd3 denotes an MBP-binding area as described in Sengupta et al. (2010). The 
nearest identified large ribosomal proteins (Rpl9L, Rpl10L, Rpl12L, and Rpl23L) are shown, as well as the RNA helices bound by Nmd3, as determined by 
RNase protection assay in Sengupta et al. (2010). Release of Nmd3 is mediated by the GTPase Lsg1 (Hedges et al., 2005) and leads to a change in orienta-
tion of the stalk base (sb; right). The mechanism of Nmd3 recruitment to 60S subunits is unknown. CP, central protuberance; SRL, sarcin–ricin loop.1073 Binding of Nmd3 to 60S ribosomal subunits • Oeffinger
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